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INTRODUCTION 


This audio-visual program, P Pump Operation is a part of Module 4 of PRE-TECH, Pump 
and Governor Operation. You should have completed Modules 1 through 3 before you begin 
this program. 

This module consists of eight audio-visual programs. Each program has a separate review 
guide and exercise. You will be required to complete from one to all eight programs, de¬ 
pending on the program track that you have been assigned to by your instructor or super¬ 
visor. These audio-visual programs will introduce you to the theory of operation for several 
selected pumps and governors. This program explains P Pump Operation in terms of dis¬ 
tributing, pressurizing, timing, and metering of fuel. 

PROGRAM OBJECTIVES: P PUMP OPERATION 

When you have completed P Pump Operation you will be able to: 

1. Describe how fuel, at supply pump pressure, enters the barrel. 

2. Describe how and when delivery fuel pressure is developed. 

3. Describe pump timing. 

4. Describe pump phasing. 

5. Describe how to adjust internal pump timing and phasing. 

6. Describe pump metering. 

7. Describe how metering changes. 
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SPECIAL EQUIPMENT 


To complete this program you will need the P Pump Operation audio-visual program, 
the appropriate play-back equipment, and this review guide. The different types of audio¬ 
visual presentations (formats) and the types of required equipment to view each format are 
listed below. Read the operating instructions for the equipment you will be using before 
attempting to view the programs. 

Slide/Tape Format 

You will need either an automatic slide/tape player or a manual slide projector and 
separate tape player. Side A of the cassette tape has inaudible pulses which trigger 
the advance mechanism of automatic slide/tape players. Side B of the tape has tone 
pulses which you can hear to indicate when you should advance to the next slide. 
Before you begin, be sure that you are using the correct side of the cassette tape for 
the equipment you are using and rewind the tape completely to be sure you are at 
the start of the program. 

Filmstrip/Cassette Tape Format 

You will need either an automatic filmstrip/tape player or a manual filmstrip pro¬ 
jector and separate tape player. Side A of the cassette tape has inaudible pulses 
which trigger the advance mechanism of automatic filmstrip projectors. Side B of 
the tape has tone pulses which you can hear to indicate when you should advance 
the filmstrip to the next scene. Before you begin, be sure that you are using the cor¬ 
rect side of the cassette tape for the equipment you are using and rewind the tape 
completely to be sure you are at the start of the program. 


Film/Tape Cartridge Format 

Because of the variety of film/tape cartridge players available, we have not included 
instructions for this equipment. Be sure to read the operating instructions that come 
with the equipment you are using before viewing the audio-visual program. 


If you have any questions about how to use the audio-visual equipment, see your supervisor 
or instructor. 


SPECIAL INSTRUCTIONS 

DO NOT use or refer to the review guide until you have finished viewing the audio-visual 
program or you are instructed to do so. The visuals in the program are produced in colors 
which present important information. The black and white reproductions of these visuals 
used in the review guide may not show the discrimination between these colors and, there¬ 
fore, may not completely present the information from the color visual. In addition, the 
audio-visual program may have been revised with updated visuals which may not be re¬ 
flected in the review guide. These changes in visuals will not alter the meaning or content of 
the information contained in the review guide. 

Start the audio-visual program, P Pump Operation, at this time. Sit back and let the colors, 
motion, and sound help you learn. When the program ends, turn to page 3 and continue 
as instructed. 

NOTE 


The audio-visual program will STOP from time to time 
when viewed using automatic playback equipment. These 
stops are included to provide an opportunity to review the 
information that has been presented to that point. When 
you are ready to continue, press the START button on the 
playback equipment. 
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REVIEW EXERCISE: P PUMP OPERATION 


Now that you have finished viewing the audio-visual program, complete this review exercise. 
If you have a problem answering any of the questions, use this review guide to locate the 
correct answer. The numbers following each question indicate the range of scenes where the 
correct answer can be found. 

Fill in the correct word or words to complete the following statements. 


1. The basic job of the injection pump is to_the fuel,_ 

the delivery of the fuel, and to_the quantity of the fuel being 

delivered. (10-12) 

2. Fuel pressurization begins when the cam lifts the plunger to_ 

_. (18-20) 

3. Basic pump timing is set on cylinder number_. (24-26) 

4. On the P-pump, to obtain port closure at a given cam shaft rotation you must 

_the_. (24-26) 

5. The position of the pump barrel can be adjusted with_. (27-30) 

6. When each cylinder is timed to port close at equal intervals, matching the specified lift 

of number one cylinder, the pump is said to be_. (31-34) 

7. Fuel metering is controlled by changing the_of 

the plunger. (36-38) 

8. Port opening is changed by changing the position of the plunger_(38-40) 

9. Metering is controlled by the_turning the_ 

and_. (47-50) 

10. When you_the P-pump, you set_ 

by rotating each_individually. (54-56) 


When you have finished this exercise, review your answers. Then show the completed exer¬ 
cise to your instructor or supervisor. Have your instructor or supervisor record your progress 
on the Student Progress Sheet. 

Go on to the next audio-visual program assigned to your program track. 
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5. Why is the P-pump important to you? Because you'll find it in 
so many applications. 




6. This dumper mixer by Mack and many other heavy duty 
vehicles. 



7. In construction, farm equipment, and 
International Harvester. 


heavy duty trucks by 



8. In farm and industrial equipment by John Deere. Well over 
100,000 P-pumps . . . 
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9. ... serving many well-known names. Some of these pumps will 
need repair and testing service . . . 



10. ... to perform the pumping jobs — pressurize the fuel, time the 
delivery, meter the quantity. 


• Pressurize 

• Time 

• Meter 



11. When you service the engine, repair and test the pump, you'll 
get the job done easier and faster if you know what happens 
inside, how your measurements and adjustments affect the 
operation of the P-pump. Of course, this pump . . . 



12. ...can be controlled by different kinds of governors. No 
matter what type of governor, it comes down to . . . 



7 












13. ... how the control rack is positioned to turn the sleeves and 
plungers. We'll cover that later. 



14. You may find yourself repairing in-line P-pumps, even a V-8; 
the six is widely used. They're really quite similar in the way 
they. . . 


15. ... pressurize the fuel. How is this done in the pumping ele¬ 
ments? To pressurize .. . 


• Pressurize 



16. ... begin with a plunger — on a roller tappet assembly — on a 
cam. Your cam may have a broad lobe like this. 
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17. A broad lobe cam is called a non-reversing cam. Compare it to 
a narrow cam lobe. In servicing, when you rotate the cam shaft, 
you can usually tell the difference. Whatever the shape of the 
cam lobe . . . 



18. ... your plunger mates with a barrel, in an assembly. At bottom 
dead center, fuel from the port at supply pump pressure fills 
the barrel. We'll show that in orange. 



19. Now, as cam shaft rotation begins to lift the tappet and plunger 
like this, does that pressurize the fuel for delivery? No, the port 
is still open; fuel is still at supply pump pressure. 



20. Only after the plunger lifts to port closure does it begin to build 
high pressure for delivery. We'll show that in red. 


9 









BDC 


DELIVERY 


PORT 

CLOSURE 


21. On a graph you can see this same idea — how the plunger lifts 
in its stroke from BDC to port closure, shown in orange, and 
then begins delivery of pressurized fuel, through the delivery 
valve. 



22. As you know, fuel is injected into the cylinder for compression 
ignition. When you understand pressurizing the fuel, you under¬ 
stand the first job of the pump. 


23. You know the second job of the pump — time the fuel delivery. 
That depends on how you set port closure. 


• Pressurize 

• Time 



24. You should be able to picture it in your mind. When your 
plunger is lifted by its tappet to port closure, that determines 
when injection will begin. 
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25. Your basic timing is set on cylinder number one, according to 
the spec sheet. Suppose for a given cam shaft rotation . . . 




26. ... you don't yet have port closure. What could you do? In 
principle, the plunger could be raised — or the port could be 
lowered. In the P-pump, you'd lower the port. How would 
you do that? 



27. Under these flanges, a set of shims determine the position of 
the barrel, up or down. When the barrel port is like this in rela¬ 
tion to the plunger, that sets up port closure. 



28. In most P-pumps, you'll find a series of one-piece shims which 
can be stacked to adjust port closure. 
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30. When the cam lobe lifts number one plunger to the specified 
lift, and the barrel is shimmed to port closure, you have timed 
number one. Considering that. . . 



31. ... as zero degrees for a starting point, what do you need for 
correct phasing? Port closure of the other pumping elements at 
equal intervals in the firing order, 60 degrees in this case. 



32. Each plunger will rise to the same specified lift as the cam shaft 
is rotated to equal intervals. 


12 









33. Number one is the reference when it is set to port close at the 
specified lift. When rotated to equal intervals, other plungers 
will have the same lift. So each of the other barrels is adjusted 
with shims for port closure. 


BDC 



34. When each cylinder is timed to port close at equal intervals, 
matching the specified lift of number one, the pump is phased; 
sometimes this is called internal pump timing. When you've 
done it right. . . 


35. ... timing can deliver pump performance that pays off in many 
ways. You've set your pump to properly pressurize the fuel and 
properly time the injection, taking care of the second job of the 


TIMING 

• Reliability 

• Low Smoke 

• Low Emissions 

• Economy 


36. The third job of the pump is to meter. Metering sets up the 
quantity of the fuel delivered. 


• Meter 
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CLOSURE 
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37. As you know, metering is done by changing the effective 
stroke, by changing the port opening as the plunger lifts at high 
pressure from port closure. You may recall . . . 



38. . . . how the helix changes port opening. When the control edge 
of the plunger helix uncovers the port, pressure falls to supply 
pressure, shown in orange. And that stops delivery of fuel. For 
smaller plungers, a single helix does the job. 



39. But for larger plungers, a double helix with two ports handles a 
greater quantity of fuel. Whatever the helix . . . 



40. ... in the P-pump, you'll find a baffle sleeve around the barrel. 
When high pressure fuel first spills, this sleeve keeps fuel from 
striking and eroding the aluminum pump housing. 
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41. As on all pumps with a helix, when the spill happens sooner, 
you have a shorter effective stroke. Compare that to a later spill 
which gives a longer effective stroke. When do you want the 
shorter effective stroke and less delivery? 



42. Yes, at low idle, you want the plunger helix turned this way so 
the helix will spill sooner for a shorter effective stroke. 



43. And turned the other way for starting. The plunger lifts more; 
the helix spills later, so a longer effective stroke. 



44. Suppose for easier starting, the engine needs a change in the 
timing of the injection — change the timing as well as the 
quantity? 
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45. You might find a plunger with a retard notch, like this. With 
this plunger turned for starting, think about what happens to 
the timing. The retard notch is turned to the port. 




46. So, when the plunger rises in its stroke, port closure takes place 
later than it would if the notch were not here. 




48. When you think of the rack turning the control sleeve and 
plungers, you think of metering. 
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As you know, pump rack position is determined by the 
governor. That, in turn, is changed by the operator's movement 
of the control lever, and by the RPM. 



50. When you take a draw on the pump, you are measuring the 
quantity of fuel delivered for a certain rack position. 



51. The closer the spread — that is, the differences in draw among 
the cylinders, the smoother power the engine will deliver. How 
do you close the spread? 



52. You change the port openings. When any barrel is rotated, the 
port is turned in relation to that helix. Let's see how this 
changes delivery. 
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53. If the barrel port is rotated like this, the plunger will lift farther 
and deliver more fuel before port opening. On the other 
hand . . . 




54. ... rotating the port the other way will cause earlier port open¬ 
ing and deliver less fuel from that pumping element. 



55. When you balance the P-pump, you set equal delivery by ro¬ 
tating each barrel individually. 



56. If you were rotating this barrel this way, would you be adding 
delivery or reducing it? Yes, adding delivery to a cylinder that 
was low. 
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57. And when you cut back on the cylinders that were high, you 
have reduced the spread; you have completed balancing the 
delivery. 



58. To summarize barrel adjustments, raising the barrel port delays 
port closure. How do you do that? With shims. 



59. Remember the two steps in phasing (internal pump timing): 
first, shim number one to port close at the specified lift; second, 
shim the others to port close at equal intervals. In contrast to 
port closure . . . 



60. . . . port opening is adjusted by rotating the barrel port to adjust 
the metering. Rotating this way delays port opening. 
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62. When the rack travel causes the plungers to turn in the ad¬ 
justed barrels, you know what will happen. 



63. Your pump will check out on the test bench — at the specified 
pump speed and rack position . . . 



64. . . . equal delivery within specified limits. 
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66. Equal delivery at low RPM as if at light load, which means 
earlier port opening. 


67. The kind of pump performance that customers want. . . 


TIMING & BALANCING 

* Reliability 

* Low Smoke 

* Low Emissions 

* Economy 
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69. . .. brought to you by Robert Bosch. 
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REVIEW EXERCISE ANSWER PAGE: P-PUMP OPERATION 


1. pressurize, time, meter 

2. port closure 

3. one 

4. lower, port 

5. shims 

6. phased (in phase) 

7. effective stroke 

8. helix 

9. rack, control sleeve, plunger 

10. balance, equal delivery, barrel 


